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SOME EFFECTS OF THE MODULATION OF THE INTERFERING SIGNAL 



SUMMARY 

The configuration of the interference pattern produced when a television 
transmission suffers co-channel interference from another television signal is ex- 
amined in detail, in order to determine the process by which the interfering modu- 
lation gives rise to additional patterns. The description of these patterns in 
terms of the carriers and sidebands of the two signals is discussed for the two 
cases of "non-precision" and "precision-best" offset operation. 



1. INTRODUCTION 

If a sinusoidal interfering signal is added to a television video- frequency 
waveform, a pattern of dark and light stripes will be superimposed on the displayed 
picture. The nature of this pattern (that is, the spacing between the stripes, 
their inclination relative to the pict^l^e and their speed and direction of movement) 
is determined by the relative positions of the light and dark areas produced by the 
interference during successive scanning lines. It can be shown ''^ that if the frequency 
of the interfering signal differs from the nearest harmonic of the line-scan frequency 
by an integral multiple of the field-scan frequency these light and dark areas will 
occur in the same position during successive fields and the pattern will remain 
stationary. Furthermore, , if the frequency of the interfering signal is equal to an 
integral multiple of the line-scan frequency the light and dark areas of successive 
lines will correspond in a vertical direction and the pattern will consist of a set 
of vertical light and dark stripes. 

In the case in which the frequency of the interfering signal is not an 
integral multiple of the line-scan frequency but differs from the nearest harmonic 
of the line-scan frequency by an integral multiple of the field-scan frequency, the 
light and dark areas on successive lines will be progressively displaced sideways, 
but because the pattern as a whole will still remain in the same place during succes- 
sive fields, it will consist of a stationary set of diagonal stripes.^'® The verti- 
cal correspondence of, for example, a dark area with portions of light areas of the 
preceding and succeeding scanning lines reduces the visibility of the pattern, because 
the eye can to some extent integrate the brightness variations when the picture is 
observed from a normal viewing distance. This reduction of pattern visibility is, 
of course, most marked when each dark area is adjacent to light areas in both hori- 
zontal and vertical directions; this occurs when the frequency of the interfering 
signal is an odd raiiltiple of half the line-scan frequency. 



When a television transmission suffers co-channel interference from another 
signal the output from the vision detector contains a component having a frequency 
equal to the offset (the difference in frequency between the carriers of the tele- 
vision transmission and the interfering signal). For convenience, this compo- 
nent will be termed the "interaction component"; if the interfering signal is 
unmodulated (c.w. ) and its amplitude is small compared with that of the wanted signal, 
this component is sinusoidal and the effects described above are observed. In 
practice the interfering signal will also be modulated and these effects are modified 
to an extent depending upon the nature of the modulation and as a result of this 
modification additional interference patterns may be produced. Some of the most 
visible of these additional patterns occur when the interfering signal is another 
television transmission and it is this case lAich will be discussed in th4iS report. 

It is convenient when considering television co-channel interference problems 
to regard the carrier and the sidebands of the interfering signal as producing sepa- 
rate interference patterns by their interaction with the carrier of the wanted signal: 
the patterns produced by the interaction of the two carriers have been termed* 
"principal primary patterns", while those produced by the interaction of the wanted 
carrier and the interfering sidebands have been termed "subsidiary primary patterns". 
In describing interference patterns the terms "primary" and "secondary" are used 
in order to differentiate between the patterns which would be produced in a receiver 
having a linear input/output characteristic and those produced by the demodulation 
of the interfering signal by means of the non-linear characteristic of practical 
receivers. These latter patterns are, however, only significant when the amplitude 
of the interfering signal is relatively large, and are discussed elsewhere.^ 

Because secondary patterns are not considered in this report the terms 
"principal primary" and "subsidiary primary" have been abbreviated to "principal" and 
"subsidiary" respectively; as an additional simplification phrases such as, for 
example, "the sidebands of the interfering signal" are contracted to take the form 
"the interfering sidebands". 

2. THB IFMCT OP 1HB MODULATION OF THE IN"TBRFBRINQ SIGNAL 

Because, in the case considered, the interfering signal is always much 
smaller than the wanted signal, the interaction component will consist of a frequency- 
changed version of the interfering signal, having a carrier frequency equal to the 
offset but retaining the modulation envelope of the original signal within the limita- 
tions imposed by the bandwidth of the receiver. The light and dark areas along 
each scanning line will, therefore, be of varying intensity, corresponding at any 
instant with the amplitude of the interaction component at that time. The effect 
of this intensity variation is best examined by considering a particular interfering 
signal having a simple waveform consisting of synchronizing pulses and raid-grey "lift"; 
in order, for the purposes of argument, not to obscure the resulting interference 
pattern the wanted signal will be assumed to have a similar waveform. The modulation 
waveform of the interfering and wanted signals are illustrated in Figs. 1(a) and Kb) 
respectively. It should be noted that in this example the line— scan frequency of 
the interfering signal is exactly half that of the wanted signal: this relationship 
is chosen since it permits of an easy description of the subsidiary pattern. Fig.. 
1(c) illustrates the output of the vision detector of the receiver for the ease in 
vtich both carriers Eire modulated positively; the modulation envelope of the inter- 
fering signal can be clearly seen superimposed on the demodulated wanted signal. 



Fig. 8 shows the resulting 
pattern laid down during one field of the 
wanted picture. The offset is about 

thirty times the line-scan frequency and 
has a value equal to an odd multiple of 
half this frequency; the resulting 
vertical correspondence of the dark and 
light areas of successive lines can he 
seen in regions A and C, and more clearly 
in the enlarged portion of the picture on 
the right of the figure. This juxta- 
position of the light and dark areas of 
the pattern on each field is one example 
of the non-precision offset conditions. 
In region B the amplitude of the inter- 
action component is reduced to zero during 
alternate lines by the presence of the 
line synchronizing pulse of the inter- 
fering modulation. In this region, 
therefore, alternate lines of the display 
are not modulated in brightness, as can 
be seen in the enlarged portion of the 
picture on the left of the figure: the 
extent to which the eye is able to inte- 
grate the brightness variations is, there- 
fore, much reduced. Because the light 
and dark areas of the remaining modulated 
lines correspond in a vertical direction 
the pattern now appears as a set of verti- 
cal stripes, similar in appearance to the 
pattern occurring when the offset is an 
integral multiple of the line- scan fre- 
quency but somewhat less visible than 
this case because of the "diluting" 

effect of the unmodulated scanning lines. A similar but less pronounced reduction 
in the integration of the brightness variations occurs in region B', where the 
amplitude of the interaction component is reduced but not completely suppressed on 
alternate scanning lines, during the post-synchronizing blanking interval of the 
interfering signal. 




Fig. I - Interfering and wanted signals 



(a) 

(fc) 
(c) 



Waveform of i nterferi ng signal 

Waveform of wanted signal 

Combined signals at output of 
vi sion detector 



The pattern produced in regions B and B' of Fig. 2 is one example of a 
subsidiary pattern, because it owes its existence to the modulation of the interfering 
signal and is not dependent on the non-linear input/output characteristic of the 
receiver. On the other hand, the pattern produced in regions A and C is an example 
of a principal pattern, produced in the absence of any modulation of the interfering 
signal. In general, subsidiary patterns are generated whenever the integrating 
process responsible for the reduction in visibility of the principal pattern is 
rendered less effective by modulation of the interfering signal. The amount of this 
reduction depends on the frequency relationships between the offset and the line- 
scan frequencies of the wanted and interfering signals. Because of the importance 
of choosing these relationships, when planning television networks, in order to give 




1 ne diagonal pattern li ti reiu 

and was nc t present in ine original :i \ . : 

Ftg. 2 - Example of a subsidiary pattern 

subsidiary patterns of the lowest possible visibility, the factors governing the 
visibility of these patterns will now be examined. 



THE RELATIVE VISIBILITY OP SUBSIDIARY PATTERNS 



Because subsidiary patterns are produced by rendering the integration 
process responsible for reducing the visibility of the principal pattern less effec- 
tive they can clearly occur only when this integrating process already exists. This 
implies that no subsidiary pattern can be present if the offset is an integral multiple 
of the line-scan frequency. Furthermore, subsidiary patterns are always less 
visible than the principal pattern that could be produced by altering the offset in 
such a way that the interfering carrier has a frequency equal to that of the nearest 
harmonic of the line-scan frequency. This conclusion is consistent with the des- 
cription of the patterns in terms of the wanted carrier and the wanted and interfering 
sidebands. Because the interfering carrier always contains more energy than the 
sidebands, the principal pattern is always greater in intensity than the subsidiary 
pattern: this latter pattern is therefore only visible when the principal pattern 
has been reduced in visibility by an appropriate choice of offset. 



Recurrent features of the interfering modulation which are present over 
large areas of the wanted picture (the line synchronizing pulses, for example) will 
clearly give rise to more prominent subsidiary patterns than smaller features such as 
fine detail in the interfering picture. The visibility of the subsidiary pattern 
will be increased if these recurrent features correspond in a vertical direction on 
the wanted display, and will be greatest if the "scale" of such recurrence (that is, 
the number of scanning lines in each field of the wanted display between successive 
recurrences of the interfering modulation feature) is the same as the scale of the 
principal pattern. This is illustrated in Pigs. 3(a) and 3(b) which show diagramma- 
tically scales of two and three scanning lines respectively. In the two— line scale 
the principal pattern repeats itself on alternate lines in regions A and C and is 
suppressed on alternate lines in region B; in the three-line scale the principal 
pattern repeats itself every third line in regions A and C and one line in three 
is suppressed in region B. The two-line scale corresponds to the case, discussed 
in Section 2, of an offset having an odd multiple of half the wanted line-scan 
frequency, ^Aiich in turn is twice that of the interfering signal: the regions A, B 
and C in Fig. 3 correspond with the same regions respectively in Pig. 2. The three- 
line scale illustrated in Pig. 3(b) corresponds with the case in which the offset is 
an integral multiple of one-third the wanted line-scan frequency, but not an integral 
multiple of the line-scan frequency itself, while the interfering line-scan frequency 
is exactly one-third that of the wanted signal. 

The frequency relationships between the carriers and sidebands of the 
wanted and interfering signals which arise under the two-line and three-line scale 
conditions are illustrated in Pigs. 4(a) and 4(b) respectively. In these figures 
only the principal sidebands occurring at frequency intervals equal to the line-scan 
frequencies are shown, and no attempt is made to indicate their relative amplitudes. 
The wanted sidebands are shown as indications of the frequencies at which the offset 
is an integral multiple of the wanted line-scan frequency; they therefore indicate 
the frequencies at which an interference pattern of high visibility may be expected. 
It must be remembered, however, that these sidebands are not involved in the generation 
of the interference pattern, except in so far as they provide, when demodulated, the 
synchronizing pulses which control the scanning raster of the wanted display. In 
the two-line scale condition shown in Pig. 4(a) it can be seen that the frequency 
separation of the interfering sidebands is half that of the wanted sidebands. Because 
the interfering carrier is placed mid-way between two wanted sidebands, a low-visibility 
principal pattern may be expected. Alternate interfering sidebands, however, co- 
incide in frequency with wanted sidebands. This indicates that the subsidiary 
pattern which may be regarded as being produced by the interaction of these inter- 
fering sidebands with the wanted carrier should have a high visibility. Furthermore, 
in Pig. 4(b) it can be seen that in the case of the three-line scale the frequency 
relationships between the components of the wanted and interfering signals are such 
that every third interfering sideband coincides with a wanted sideband and therefore 
that the corresponding subsidiary pattern may again be expected to be of high visi- 
bility. 

The advantage of regarding the subsidiary pattern as being generated by 
the interaction of the interfering sidebands with the wanted carrier lies in this 
ability to predict the relative visibility of the subsidiary pattern by considering 
the frequency relationship between the Fourier components of the wanted and inter- 
fering signals. This prediction is in general only qualitative, but a rough guide 





(i) 

Fig. 3 - IHustration of two-line and three-line scales 



( o) Two- line scale 
(6) Three- line scale 
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Fig. II - Components of wanted and interfering signals 

fa) Frequency relationships for t»»o-line scale conditions 
(6) Frequency relationships for three-line scale conditions 

to the visibility of the subsidiary pattern may be obtained by noting the number of 
interfering sidebands vtich are coincident with wanted components. For example, the 
two-line scale condition represented in Fig. 3(a) gives rise to a more obvious sub- 
sidiary pattern than the three-line scale condition of Pig= 3(b): in the former 
condition one-half of the interfering sidebands coincide with wanted components while 
in the latter condition only one-third of the interfering sidebands are so arranged. 

In practice it is very unlikely that the line-scan frequencies of the 
wanted and interfering signals of different television standards will be related by 
an exact integral multiple. The successive recurrent features of the interfering 
modulation will, therefore, no longer correspond in a vertical direction, and the 
subsidiary pattern will be distributed over the whole of the wanted display instead 
of being contained in a vertical band. This is illustrated in Fig. 5, which shows 
subsidiary patterns produced when the interfering signal is modulated with a Test 
Card "C" picture: the offset is, as before, an odd multiple of half the line-scan 
frequency of the wanted signal. In the case of Fig. 5(a) the line-scan frequencies 
have an exact two-to-one relationship, trtiile in the case of Fig. 5(b) the relationship 
differs from this exact value by a few hundred cycles per second. It can be seen 
that, as expected, the visibility of the subsidiary pattern is somewhat reduced in 
the latter case, in which alternate interfering sidebands no longer coincide exactly 
in frequency with the wanted components, but depart more and more from this relation- 
ship as the order of interfering sideband increases. 
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Fig. 5 - Subsidiary patterns with Test Card "C" as interfering modulation 

{a) Integral relationship between line-scan f requenci es of the two signals 
(6) Non-integral relationship between line-scan frequencies of the two signals 



It is interesting to compare Fig. 5(a) with Pig. 2: even though the 
picture information carried in the interfering modulation is recognizable in Pig. 5(a), 
the main component of the subsidiary pattern is still produced by the line synchron- 
izing pulses of the interfering signal in the same manner as in Pig. 2. In Pig. 5(b) 
the picture information of the interfering signal is no longer recognizable because 
of the non- integral relationship between the two line-scan frequencies. 

If the wanted and interfering signals have exactly the same line-scan 
frequency, each interfering sideband bears the same frequency relation to the nearest 
wanted component as does the interfering carrier to its nearest wanted component. 
If the offset is such that the principal pattern is of low visibility, then the sub- 
sidiary pattern will also be of low visibility and will therefore be of no importance. 
In fact, it has been found experimentally* in the case of non-precision offset that 
the subsidiary pattern is insignificant even if the line-scan frequencies of the 
two signals differ by as much as one-half per cent. 

4. TSS SUBSIDIARY PATTERN IN THl CASl OP PRECISION-BSST OFFSET 

The discussion so far has been restricted to the case of non-precision 
offset conditions, in which the integration of the brightness variations produced 
by the interaction component takes place only during one field of the displayed 
picture. However, more effective brightness integration is possible if the light 
and dark areas of the interference pattern are interchanged in successive fields. 
This condition arises if the offset differs from the nearest harmonic of the line-scan 
frequency of the wanted signal by an odd multiple of the picture repetition fre- 
quency*: that is to say, if 



/ = n t + (2« + 1) / for \i2n + 1) /„ </, /a (D 

o L ■'p ' -'P ' ■'L "^ 



^ere 



f is the offset, 

f, is the line-scan frequency of the wanted signal, 
/ is the picture repetition frequency of the wanted signal, 
and m. and n etre positive or negative integers. 

This has been called the "precision-best" offset condition because of the extreme 
accuracy with which the offset must be controlled in order to achieve effective 
brightness integration. In this case the scale of the interference pattern (as 
defined in Section 3) is no longer of the order of a few scanning lines but covers 
two successive fields of the wanted display. In order that a stationary subsidiary 
pattern may be produced the interfering modulation must also have a two-field scale. 
Examples of such scales arise if the line-scan frequencies of the wanted and inter- 
fering signals of nominally identical television standards differ by odd integral 
multiples of the picture repetition frequency: that is, if 

fi - fl = ^^ * 1' /p (2) 

*4iere f^ is the line-scan frequency of the interfering signal 

and <; is a positive or negative integer. 
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The line synchronizing pulses of the interfering signal then occupy inclined bands 
on each field of the wanted display: these bands are displaced sideways on alternate 
fields of the display so that within each band the scanning lines are alternately 
modulated and not modulated in brightness during successive fields. In order to 
illustrate the formation of the subsidiary pattern, the case when <? = is shown 
in Fig. 6. In this case the line-scan frequencies of the wanted and interfering 
signals differ by the picture repetition frequency and the interfering synchronizing 
pulses occupy one inclined band on each field of the wanted display. This band is 
displaced sideways by half the picture width on alternate fields of the display, 
giving rise to two bands of subsidiary pattern. These bands are shown in Pig. 6(a), 
v4iile Fig. 6(b) shows a portion of one band greatly enlarged: in this latter figure 
alternate fields of the wanted display are shown in white and yellow. In addition 
to the interchange of the light and dark areas of the pattern during successive 
fields, it can be seen that the pattern laid down during each field corresponds 
to the three-line scale shown in Pig. 3(b). The principal pattern laid down in 
the absence of modulation of the interfering signal can be seen in regions A and C, 
vtiile the subsidiary pattern produced by the absence of brightness variations during 
alternate fields is shown in region B. 

In order to describe the production of the subsidiary pattern under pre- 
cision-best offset conditions in terms of the carriers and sidebands of the two 
signals, the difference in frequency between each interfering principal sideband 
and the nearest wanted principal sideband may be related to the minor sidebands of 
the wanted signal, which surround each principal sideband and are separated from 
it by frequency intervals equal to the picture repetition frequency. These minor 
sidebands serve as indications as to whether or not the interfering carrier or an 
interfering sideband has a precision-best frequency relationship with the wanted 
carrier: coincidence of an interfering component with an odd-order minor sideband 
implies a precision-best relationship with a corresponding reduction in pattern 
visibility while coincidence with an even-order minor sideband implies a "precision- 
worst" relationship in which the field-to-field integration of the brightness varia- 
tions does not take place and the interference pattern is not reduced in visibility. 
For example, equation (1) shows that the interfering carrier coincides in frequency 
with one of the minor sidebands surrounding the wanted principal sideband of order 
«; * this minor sideband is of order (Zn + 1) and the pattern produced by this inter- 
fering component (in fact, the pr-incipal pattern) therefore has a. precision— best 
relationship. The frequency (/') of an interfering principal sideband of order r is 

= . )s/^ + (2n + 1) / + r/£ from equation (1) 

= ffl/^ + {Zn + 1) / + r [/ - (.Zq + 1) /] from equation (2) 

= (m + r) / + [(gn + 1) - r {Zq + 1)] ■ / (3) 

L p 

Providing that | { (2« + 1) - r {Zq + 1)] / | < /,/2, equation (3) shows that the 
interfering principal sideband of order r coincides in frequency with one of the 
minor sidebands surrounding the wanted principal sideband of order (b + r), and that 



positiTe, and less than that of the carrier if the sideband order is negatire^ 
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(a) 




(A) 
Fig. 6 - Illustration of two-field scale ("precision-best" condition) 



( o) Positions of bands of subsidiary pattern 

(6) Enlargement of part of one band of subsidiary pattern 
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Fig. 7 - Frequency relationships between sidebands of wanted and interfering signals 

this minor sideband is of order \_i2n + 1) - r (Sg + 1)]-. It can be seen that the 
order of this minor sideband is odd if r is even, and conversely even if r is odd: 
this means that successive interfering sidebands coincide in frequency alternately 
with odd- and even-order minor wanted sidebands. The interfering sidebands co- 
inciding with even— order wanted minor sidebands will give rise to precision-worst 
subsidiary patterns having a relatively high visibility. It should be noted, however, 
that for the same reasons as in the case of the patterns discussed in Section 3, 
these subsidiary patterns will always be less visible than the principal pattern 
produced by altering the offset to coincide with an adjacent even— order minor wanted 
sideband. 

The frequency relationships between the carriers and sidebands of the two 
signals in the case of the example illustrated in Fig. 6 (in vAich q = 0) are indicated 
in Pig. 8: it should be noted that in this figure the spacing between the minor 
sidebands has, for clarity, been greatly exaggerated. The principal interfering 
sidebands are separated from the nearest principal wanted sidebands by about one-third 
of the line-scan frequency (Fig. 8(i)): this frequency separation is shown in greater 
detail in Fig. 8(ii)), in which it can be seen that successive interfering^ sidebands 
coincide in frequency alternately with odd- and even-order minor wanted sidebands: 
the interfering carrier (d) coincides with an odd-order sideband in order; to give a 
precision-best principal pattern. The sidebands coinciding with even-order minor 
wanted sidebands (a, c, e and g in Fig. B(ii)) will give rise to a precision-worst 
subsidiary pattern having a relatively high visibility. 



Moving subsidiary patterns will be produced if the line-scan frequencies 
of the wanted and interfering signals differ by a value other than an exact multiple 
of the picture repetition frequency, and will still be produced even if this value 
is reduced to be less than one-fifth of the picture repetition frequency. It can 
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(ii) 

Fig. 8 - Components of wanted and interfering signals under two-field 
scale ("precision best") conditions 



(ii) Details of circled areas in Fig. 8(i), showing 
minor sidebands of wanted signal 

lodd-order minor sideband i Even-order minor sideband ^Principal sideband 



(i) Carriers and principal 
si debands 



therefore be seen that in order to avoid the production of subsidiary patterns when 
precision-best conditions are employed the difference between the two line-scan fre- 
quencies must be less than five cycles per second for all standards having picture 
repetition frequencies of twenty— five cycles per second. This means that in the 
case of two asynchronous transmissions of the same standard, the line-scan frequency 
of each signal must be stable by a factor better than about one part in four thousand 
for a 405-line transmission, and one part in six thousand for a 685-line transmission. 
These figures may be compared with the stability of one part in two hundred which 
is sufficient to prevent the appearance of secondary patterns under the non-precision 
conditions described in Section 3. 
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CONCLUSIONS 



The "principal primary" pattern '^feich is produced when a television trans- 
mission suffers co-channel interference from another signal may he reduced in visi- 
bility hy choosing the offset (in relation to the line- and field-scan frequencies) 
so that the light and dark areas of the pattern are brought mutually into close 
proximity. This process may occur either during each field (non-precision offset) 
or during successive fields (precision-best offset). This reduction of visibility 
may, however, be lessened by the modulation of the interfering signal, particularly 
if this signal is another television transmission, with the result that additional 
"subsidiary primary" patterns are formed. Recurrent features of the interfering 
modulation, such as the line synchronizing pulses, give rise to more visible patterns 
than transient effects such as fine picture detail. The relative visibility of 
these patterns may be assessed on a qualitative basis by considering the carriers 
and sidebands of the two signals. The principal pattern is regarded as being pro- 
duced by the interaction of the carriers of the two signals, while the subsidiary 
pattern is similarly produced by the carrier of the wanted signal and the sidebands 
of the interfering signal. Coincidence in frequency between a component of the 
interfering signal and a component of the wanted signal indicates that a pattern of 
high visibility will be produced: the greater the proportion of interfering sidebands 
coinciding with wanted components in this way, the more visible will be the sub- 
sidiary pattern. In the case of non-precision offset only the principal sidebands 
of the wanted signal, occurring at frequency intervals equal to the line-scan fre- 
quency, need be considered in this way as indications of high pattern visibility; 
for precision-best operation, on the other hand, the minor sidebands of the wanted 
signal, which surround each principal sideband and are separated by frequency intervals 
equal to the picture repetition frequency, must also be taken into account. In both 
cases the carrier of the interfering signal must be related to the components of 
the wanted signal so as to produce a low-visibility principal pattern. 

In the case of two asynchronous television transmissions of the same standard 
subsidiary pattern.s will not be produced, in the case of non-precision offset, if 
each line-scan frequency has a stability better than one part in two hundred. How- 
ever, in the case of precision-best offset, this stability must be better than one 
part in four thousand for a 405-line transmission or One part in six thousand for a 
625-line transmission in order to avoid the production of these patterns. 
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